There has been some evidence that the fine structure "constant" α may vary with time. We point out that this variation can be described by a scalar field in some supergravity theory in our toy model, for instance, the N = 8 extended supergravity in four dimensions which can be accommodated in M-theory. 
There exists a lot of analysis about the observational constraints on possible variation of the fine structure constant α [1] in time. A number of absorption systems in the spectra of distant quasars suggests a smaller value of α in the past, with a favored value of the change δα α ∼ = (−0.72 ± 0.18) × 10 −5 over the red-shift range 0.5 ≤ z ≤ 3.5 [2] . And the analysis of the isotope abundances in the Oklo natural reactor operated 1.8 Gyr ago gives a new constraint, |δα| α ∼ 10 −7 [3] . Some theoretical issues of a varying α are discussed in [4, 5, 6] .
There are two scenarios to explain the variation of α. One possibility is that there was a first order phase transition between the time at which the quasar light was emitted and the present. But if the Oklo natural reactor confirms the above data which indicates that α at the red-shift z ∼ 0.13 is different from its present value, it is most possible that α varied with time continuously. On the other hand, in string or M-theory, the couplings in the effective field theory depend on the expectation values of some dynamical scalar fields such as the dilation and other string moduli, then the coupling "constants" in general vary with time, if they are not trapped in the minimum of a potential in an early time. Naturally the fine structure constant varies continuously in this scenario.
In a four dimensional effective field theory, the change of the fine structure constant is controlled by a dynamical scalar field φ, which may be a combination of several canonically normalized moduli scalars [4, 5, 6] . The change in α during the last Hubble time requires that the scalar field φ should be extraordinarily light, with a mass comparable to the present Hubble scale H 0 ∼ 10 −33 eV [4] . It is usually difficult to find a candidate for this scalar field in a fundamental theory.
However it was found that one can describe the present state of quasi-exponential expansion of the universe in a broad class of models based on four dimensional N = 8 extended supergravity [7, 8, 9] . And it is important that there are scalars whose masses in N ≥ 2 supergravity are quantized in units of the Hubble constant H 0 corresponding to DS solutions:
= −n, where n are some positive integers of the order 1. The minus sign says that the scalar fields are tachyonic, consistent with the fact that α becomes larger and larger. In particular, there is a scalar whose mass square of the scalar field m 2 = −6H 2 in N = 8 supergravity [7] . And we know N=8 supergravity with de Sitter maximim and one scalar field has only non-Abelian gauge fields SO(3) × SO(5) or SO(4) × SO (4) . But in our real world the supersymmetry must be broken and then the Abelian gauge field will appear in our toy model.
In an effective field theory or M-theory, the photon kinetic term reads
where f (φ) is a function of φ. The most general expansion of the function α(φ) about its present day value α 0 = α(φ 0 ) is
where M is a typical scale over which φ varies. The variation of α with φ is generally written to the leading order in φ as
where δα = α(z) − α 0 , δφ = φ(z) − φ 0 and z is cosmological red-shift.
For simplicity, we take φ to be governed by the Lagrangian L = (∂φ) 2 − m 2 φ 2 + ..., namely φ is a canonical scalar field. As usual, we assume the scalar field φ be homogeneous and the equation of motion for φ reads
We take m 2 to be negative, or simply switch to the notion m 2 → −m 2 with positive m 2 .
We consider in general the case when m 2 is the same order as H 2 , which means the scalar field is not slow rolling. Firstly we assume the Hubble constant is a constant and assume φ has the form as φ(t) = φ 0 e iω(t−t 0 ) . Equation (4) leads to
Choose the solution with the minus sign corresponding to the exponentially growing solution
Since we are interested only in the range 0 ≤ z ≤ 1, we can set H(t 0 − t) = z. Substitute this result to the equation (3), we find
here Λ is a constant which can be fixed by experiment. As an example, in N = 8 supergravity, the mass square of the scalar field is −6H 2 in order to get a DS solution, so m 2 = 6H 2 in equation (8) fixes Λ = 9.38 × 10 −6 . Thus
Putting z = 0.13 into formula (9) In fact the Hubble parameter is not a constant during this stage.
To be more precise, we can numerically solve the equations which Linde et. suggested in [9] . We also assume that the universe is spatially flat. Thus we havë φ + 3Hφ + V, φ = 0 (10)
where we consider the extended N = 8 supergravity which tells us
) and we use the method of [9] (in units M p = 1 and the present Hubble parameter H 0 = 1). Here we assume that the Hubble parameter in de Sitter regime approximately equals the present Hubble parameter H 0 . In our calculations we shall also assume that initially the matter energy density ρ M is much greater than the energy density of the scalar field φ. Thus the scalar field φ freezes and its initial velocity can be set to zero resonablely, since at that moment the friction term in (10) is very large. According to equation (10) ,the scalar field φ will not change if its initial value is zero. In our case we choose the iniatial value of φ leading to the dark energy Ω D = 0.73 today [10] . We show the numerical solution in Figure 1 (here we take equation (3) into account and describe the variation of α with time directly).
In Figure 1 we fit the data δα(z=1) α = −0.7 × 10 −5 . According to this figure we can read out
, which is consistent with [2] . And [2] also requiresα α = (−2.2 ± 5.1) × 10 −16 yr −1 over the red-shift range 0.6 ≤ z ≤ 1.0. Using
In short, in this paper we suggest that scalar fields in some supergravity theory with a mass comparable to the Hubble scale can be a candidate for describing the variation of the fine structure constant. Linde et al. have discussed some possibilities for describing our universe with a tiny positive cosmological constant in extended N = 2, 4, 8 supergravity theories, and suggested that some scalar fields in these supergravity theories can be used to describe the present stage of our universe, but not the early universe. and z is the cosmological redshift.
accompanied by a variation in the vacuum energy or the cosmological constant, which in general is too large. We do not know how the resolve this problem.
Other theoretical attempts on explaining a varying fine structure constant can be found in [11] .
